Purpose: This study aimed to determine whether a blended Infant MassageeParenting Enhancement Program (IMPEP) improved maternal psychosocial health outcomes (parenting stress, depressive symptoms, self-esteem, maternal attachment) and maternal-infant interaction among substanceaddicted mothers (SAMs) actively engaged in outpatient rehabilitation. Methods: Designed as a randomized, three-group controlled trial testing two levels of psychoeducational intervention (IMPEP vs. PEP) and a control group (standard care parenting resources), the study was conducted in two substance abuse centers in southeast Florida on a convenience sample of 138 recovering SAM-infant pairs. IMPEP or PEP classes were held weekly on Weeks 2e5, with data collected at baseline (Week 1), Week 6, and Week 12 via structured interviews, observation (Observation Checklist on Maternal-Infant Interaction), and self-administered questionnaires (Abidin Parenting Stress Index, Beck Depression Inventory, Rosenberg Self-Esteem Scale, Muller's Maternal Attachment Inventory), analyzed descriptively and inferentially using Kruskall-Wallis analysis of variance and post hoc Wilcoxon rank sum and Mann-Whitney U tests. Results: Both IMPEP and PEP groups had significantly increased Parenting Stress Index scores (decreased parenting stress) and decreased Beck Depression Inventory scores (decreased depressive symptoms) compared to controls at Week 12, whereas there were no clinically meaningful differences among study groups in Rosenberg Self-Esteem Scale, Muller's Maternal Attachment Inventory, or Observation Checklist on Maternal-Infant Interaction scores. Only the IMPEP group showed significant improvements in both psychological and physical (waist-hip ratio) measures of parenting stress over time. Conclusions: The findings suggest that infant massage blended into a structured parenting program has value-added effects in decreasing parenting stress and maternal depressive symptoms, but not on SAM's self-esteem, attachment, or maternal-infant interaction.
Introduction
At the height of public health concern in the 1990s, U.S. health agencies estimated nearly 4.6 million women of childbearing age regularly used cocaine, with drug-exposed births rising from 300,000 in 1992 to 750,000 in 1995 [1e3] . Given the myriad of negative life events (e.g., domestic violence, sexually transmitted infections) experienced by substance-abusing mothers (SAMs) even when in recovery, SAMs are vulnerable to mental health problems including parenting stress, depression, low self-esteem, and deviant maternal attachment [4] . The purpose of this study was to evaluate the effects of a blended Infant MassageeParenting Enhancement Program (IMPEP) on mental health outcomes among recovering SAMs.
Parenting stress (i.e., feeling unduly pressured by infant care and the parenting role) can negatively impact child development, either directly or indirectly through parenting behaviors [5, 6] . For recovering SAMs, self-consciousness over a history of incarceration, mandated rehabilitation programs, and vulnerability to recidivism may impair the ability to cope with the stresses of parenting related not only to the need to care for their infants but also to the need to satisfy intense cravings created by their substance addiction [7] .
Depression is also a recognized risk factor for drug and alcohol addiction [8, 9] , as more than one-third of females using drugs having had a major depressive episode [2] . Depression develops most frequently in people's twenties [10] , which corresponds to the period of greatest fertility. An estimated 10%e20% of women struggle with major depression before, during, or after childbirth [11] . Women who are of lower socioeconomic status, less educated, unemployed, and from ethnic/racial minority populations are more likely to experience depression [12e14] . Thus, risk factors associated with both depression and maternal substance abuse contribute to a vicious cycle for recovering SAMs, with their infants being at increased risk of developing insecure attachments, negative affect, and dysregulated attention and arousal [15] .
Potentially serving as a counterbalance to these negative psychologic states, self-esteem is the disposition to experience oneself as competent to cope with basic life challenges and worthy of happiness [16] . Self-esteem is influenced by both environmental and psychological factors [17, 18] , with low selfesteem leading to dysfunctional relationships, neurosis, anxiety, and depression, acting as a universal denominator in addiction [19] . Positive self-esteem can serve as a buffer from anxiety, guilt, shame, criticism and depression, thereby promoting motherinfant interaction.
Developmental theorists assert the most important task of an infant's life is to establish basic trust and security in others [20, 21] . Attachment involves a reciprocal, interactive system between mother and infant in which both individuals are active participants, with infants evoking responses from adults who are sensitive and committed to observe, understand, and respond appropriately to cues. Attachments vary in quality from secure to anxious and may be thwarted by risk factors such as poverty, mental illness, maternal substance abuse, and lack of social support [20, 22] . In the case of SAMs, mother-infant interactions are at risk due to the mother's guilt, poor self-image, and lack of parenting confidence [23] , as well as the infant's impaired ability to send clear cues and respond favorably to the mother.
Multidimensional intervention programs have been tested on both SAMs and depressed mothers to improve parenting skills and prevent negative sequelae such as child abuse [24, 25] . However, these studies did not incorporate infant massage as a key modality. Practiced in many countries for centuries, infant massage is reflective of different cultural practices involving physical touch to communicate warmth and gentleness to the infant [26] .
Individual trials have suggested the benefits of infant massage for mother-infant bonding and infant health outcomes, including protection against infection, weight gain in both preterm and fullterm infants, improvements on the Bayley Infant Scales of Mental and Motor Development, and increased bone mineral density [27e30]. However, more recent studies [31] and a Cochrane review [32] of 34 randomized infant massage trials did not confirm statistically significant improvements in infant measures of physical and mental development. As this metaanalysis was focused on lowrisk groups of parents and infants, its findings may not generalize to SAMs and their infants. In turn, another recent metaanalysis confirmed infant massage led to statistically significant improvements in daily weight gain in preterm infants and reduced their length of hospital stay [33] .
To date, infant massage has been applied primarily in hospital settings, with most controlled studies focused only on infant health outcomes. However, infant massage holds the promise of improving mental health outcomes in high-risk mothers as well, as studies have suggested infant massage may improve mother-infant interaction in mothers with postpartum depression [34, 35] and decrease depressive symptoms in mothers of preterm infants [36] .
Purpose of study
This study was conducted to evaluate the effects of infant massage integrated into a structured multidimensional parenting enhancement program (PEP) on key mental health outcomes among recovering SAMs. We hypothesized that compared to a PEP intervention without infant massage or standard of care parenting education, the IMPEP will decrease parenting stress and depression in recovering SAMs, while improving self-esteem, maternal attachment, and mother-infant interaction.
Methods

Study design
This 3-month study utilized a randomized, controlled threearm experimental design with repeated measures over time in maternal health outcomes to compare the postintervention efficacy of each of two levels of psychoeducational intervention (IMPEP and PEP) versus a standard of care educational control (Control) in recovering SAMs, who were evaluated on-site at their outpatient drug treatment facilities (Figure 1 ). In order to ensure timely accrual of a sufficient number of participants for the classroom-based interventions, clusters of 3e6 recovering SAMs and their infants (SAM-infant dyads) were randomly assigned within each study site to one of the three study groups in a 1:1:1 ratio. All patients underwent an extensive baseline evaluation at Week 1, completing several psychosocial and physiological instruments to capture levels of parenting stress, depressive symptoms, self-esteem, and maternal attachment. This was followed by a 4-week intervention period, with members of the IMPEP and PEP groups taking once weekly classes on a consistent (but separate) day and time at Weeks 2, 3, 4, and 5. Members of the Control group received no specific group-based intervention and received only the standard of care parenting education materials offered to all recovering SAMs (including IMPEP and PEP participants) at their respective outpatient treatment programs. At Week 6, a postintervention evaluation was completed with the same psychosocial and physiological battery, which was repeated at Week 12. Strategies to maximize data integrity and minimize between group cross-contamination in this study have been described previously in a methodological article [37] .
IMPEP group
Infant massage techniques were taught and practiced only within the IMPEP intervention, which consisted of four weekly 2-hour classes of 4e6 mother-infant dyads each, held in a dedicated meeting space at each study site. These psychoeducational group sessions were taught by certified nurse practitioners and incorporated both demonstration and supervised practice of infant massage techniques, interactive group discussions, as well as questionand-answer periods focused on childcare practices. Mothers learned simple games and interactive action-based songs to promote infant stimulation and mother-infant communication during infant massage sessions. The IMPEP curriculum also included demonstration and practice sessions on properly assessing infant temperature, pulse, and respirations, as well as infant cardiopulmonary resuscitation [38] . Group participants had a 10-minute break after the first hour of each class and were provided refreshments consisting of fresh fruits, orange juice, and cookies. The last class included a party celebrating the mothers' completion of the program, and each mother received an appreciation certificate and a gift basket of childcare items for her baby, tailored to the age of her infant.
PEP group
Mothers in this study group participated in four weekly PEP classes of 4e6 mother-infant dyads, each lasting for 1.5 hours and held in a dedicated meeting space at each study site. The PEP curriculum was identical to that of the IMPEP and followed the same sequence of activities, other than excluding infant massage teaching and practice. PEP classes were taught by the same certified nurse practitioners who also taught IMPEP classes at each study site. PEP classes were scheduled on alternate days as IMPEP sessions to reduce cross-contamination between study groups. However, interaction among SAMs within the same treatment group was encouraged as a means of social support. As in the IMPEP group, a celebratory party was held in honor of the mothers upon completion of the PEP, and each mother received an appreciation certificate and an age-appropriate gift basket for her baby, as for the IMPEP group.
Control group
Mothers in the Control group did not participate in either the IMPEP or PEP classes. However, they were provided with the usual health care, social services, and parenting education already available to all mothers (including IMPEP and PEP participants) at their respective service agencies, and were assessed with the same psychosocial and physiological battery on an identical timeline as the IMPEP and PEP groups. An appreciation certificate and an age- appropriate gift basket for her baby were given to each mother in the Control group upon study completion, as for the IMPEP and PEP groups.
Setting and sample
The study was conducted from September 1, 2003 to August 31, 2008 at two community addiction treatment centers in MiamiDade and Broward Counties, Florida. Both centers offered residential addiction treatment services in an outpatient setting.
Assuming an attrition rate of 25.0%, a Type I error or a of .05, and a medium effect size (.25), a sample size of 52 participants per arm was originally predicted to provide 80.0% power to detect a withinsubjects change of this magnitude following the IMPEP intervention [39] . However, the final completed sample of 121 motherinfant dyads at Week 12 did not meet this goal.
A total of 170 recovering SAMs were screened for the study, with the most common reason for screen failure being lost to follow-up. Of the initial 138 SAMs who consented and enrolled in the study, 17 mothers failed to complete the study, resulting in an overall retention rate of 87.7% through Week 12. As depicted in Figure 1 , the final study sample consisted of 51 mother-infant dyads in the IMPEP group (82.3% retention), 35 in the PEP group (94.6% retention), and 35 in the Control group (89.7% retention) who, in addition to the baseline assessment, had at least one other postintervention assessment at Week 6 or Week 12.
The convenience sample was composed of 138 SAMs (of 170 screened) and their infants aged 4e52 weeks at the time of study enrollment, recruited from two community addiction treatment centers in southeast Florida, serving a predominantly low-income client-base. All SAMs registered at these sites were considered for study participation, regardless of drugs of abuse (including alcohol), age, race/ethnicity, marital status, religion, education, or income level, although participation was entirely voluntary. Inclusion criteria required mothers to have an infant 12 months of age or younger, speak and comprehend either English, Spanish, or Creole, independently perform activities of daily living, maintain attention and follow directions, and willingly provide informed consent in writing. For mothers with more than one infant, only the mother's youngest infant was enrolled in the study and comprised the mother-infant dyad. The ethnically diverse nature of south Florida was reflected in the ethnic distribution of the study sample (Table 1) .
Ethical considerations
Participant recruitment started upon approval of the research protocol by the Florida International University Institutional Review Board and the chief executive officers of all collaborating agencies. Study participation was entirely voluntary, and although participants were encouraged to attend all intervention classes and complete all follow-up assessments, mothers and their infants were free to leave the study at any time, incurring no penalty or limitation in services from their respective treatment centers. This study was conducted following the principles of ethical clinical research described in the Declaration of Helsinki.
Measurements/instruments
Outcome variables were measured using both objective and subjective assessment tools that are well established and validated in clinical research literature. The psychosocial and physiological dimensions of parenting stress were quantified using the Parenting Stress Index/Short Form (PSI) [40] with lower scores indicating greater stress levels (Cronbach a ¼ .70e.71; 36 items, 5-point scale, range: 36e180), a sphygmomanometer for systolic and diastolic blood pressure measurements (measured in a seated position preferentially in the right arm following 5 minutes of rest, per Centers for Disease Control and Prevention guidelines) with higher readings reflecting greater stress levels [41] , and waist-to-hip ratio [42] as an indirect marker of fat deposition related to cortisol stress hormone levels with higher ratios reflecting greater stress levels [43] . Depressive symptoms were measured using the Beck Depression Inventory (BDI) [44, 45] with higher scores indicating greater depressive symptoms (Cronbach a ¼ .80e.92; 21 items, 4-point scale, and range: 0e63). Self-esteem was measured using the Rosenberg Self-Esteem Scale (RSE) [44, 46] with higher scores indicating greater self-esteem levels (Cronbach a ¼ .87; 10 items, 4- Data were collected with the OMII as previously described [48] . Maternal and infant interactive behaviors were coded separately by two trained raters from sessions videotaped through a one-way mirror, using a coding system that scored both frequency and duration of interaction during the last 3 minutes of a 5-minute free play period and the first 2 minutes of a mother-infant reunion period following a planned 2-minute separation. Verbal and educational interaction, visual monitoring, and structuring of toys by the mothers were coded, as well as warmth and negative affect toward their infants. Infants' positive affect and anger were coded during the free play phase, while secure/approach and insecure/ avoidant measures were coded during the reunion phase. A scoring methodology was applied in which points were awarded for infant behaviors reflecting secure attachment and subtracted for avoidant, resistant, or insecure behaviors, with higher scores reflecting more positive interaction. Interrater reliability for the OMII (r ¼ .95) was established prior to the start of study by utilizing a panel of 5 independent, blinded raters to evaluate 10 mother-infant dyads, which demonstrated 80%e100% agreement (at least 4 of 5 raters) on all OMII items across all 10 mother-infant dyads.
Nursing intervention
The intervention that was tested in this study is a blended IMPEP, based upon Porter's PEP [49] , which was originally developed as a systematically planned, cognitive-behavioral, clientcentered, health-focused educational parenting program for highrisk mothers and has been validated in multiple studies across cultures [50, 51] . Built upon the belief that mothers are the primary caregivers and health resource for the family, the PEP is delivered by qualified nurses, with knowledge reinforcement through demonstration and return demonstration, covering several parenting topics, including growth and development, basic infant health assessments, child safety, infant cardiopulmonary resuscitation [38] , self-care, and relaxation techniques for the mother.
The IMPEP is an enhanced version of the PEP in which infant massage teaching has been incorporated, based on previously described massage techniques [26] . These infant massage techniques apply slow, gentle, and rhythmic strokes on the skin surface, varying from light rubbing to light kneading and gentle squeezing, with just enough pressure to stimulate blood circulation, while conveying love and confidence from parent to child. A detailed description of the infant massage protocol has been published previously [52] . In brief, each IMPEP class is allotted 2 hours, allowing for demonstration and return-demonstration of the infant massage technique (30 minutes), a 10-minute break for snacks and back stretch, a focused discussion, and an open question and answer session. Mothers will be taught infant massage techniques sequentially in parts (legs and feet, abdomen, arms and hands, face, back) and directed to practice infant massage at home for at least 10 minutes each morning and evening. It is anticipated that by Week 3 of the study period, each mother will have learned all infant massage components. Mothers will also be taught games and songs that can be used during infant massage to further promote communication that stimulates the infant's developing senses. All teaching materials were translated into Spanish and Creole to reflect the large Hispanic and Haitian communities of South Florida.
Development and evaluation of the IMPEP was guided by Bandura's Social Learning Theory [53] , which postulates that a person's decision to change or avoid a behavior is determined by that person's expectations and incentives, as the individual must have knowledge regarding causal relationships and believe that she is capable of affecting her own behavior. She must acquire new skills through behavioral rehearsal and believe that she can use these skills to effectively avoid or change adverse behavior, with sufficient incentives and positive reinforcement to change or avoid the behavior. In turn, the IMPEP provides a means of facilitating recovering SAMs to make cognitive-behavioral changes through learning and applying new parenting knowledge and skills, with a special focus on infant stimulation via massage taught in an interactive group setting. Mothers engaged in infant massage are expected to gain confidence in applying specific massage strokes, be encouraged to listen to their baby's body signals, and respond aptly, thereby becoming empowered to help their infant relieve discomfort. The IMPEP also provides social support among mother peers in a small group setting, while enhancing SAMs' parenting skills and nurturing relaxed, pleasurable interactions between mother and infant.
Data collection/procedure
Data were collected via self-administered questionnaires, guided interviews, body measurements, and blood pressure assessments, by certified nurse practitioners who were different from those who taught IMPEP/PEP classes and were blinded to group assignment. Demographic data were collected on ethnicity, age, educational level, annual income (as a measure of socioeconomic status), and history of drug abuse, pregnancy, and childbirth. Maternal outcome data on parenting stress, depressive symptoms, self-esteem and maternal attachment were collected at a preintervention baseline assessment, a postintervention assessment at Week 6, and follow-up at Week 12. Mother-infant interaction data were collected at baseline, Week 6, and Week 12. Gift cards worth US$10 were provided to each mother, regardless of treatment group, at the end of each assessment visit, for the purpose of enhancing participant retention.
Data analysis
The sample distribution of individual outcome variables was tested for normality using the Kolmogorov-Smirnov and ShapiroWilk tests, which indicated that none of the outcome variables met the assumption of normality. Therefore, nonparametric Kruskal-Wallis analysis of variance (ANOVA) with post hoc Wilcoxon rank sum and Mann-Whitney U tests were used to compare ranked differences within and between treatment groups, respectively, along with adjusted z scores for two-group pairwise comparisons. All tests were conducted using SPSS version 13.0 (SPSS Inc., Chicago, IL, USA), and results were considered significant at a two-sided significance level of p < .05. Increases in Type I error resulting from repeated measurements of significance were partially controlled by the use of repeated measures ANOVA to test a series of predetermined comparative hypotheses regarding potential differences between the treatment groups. Mother-infant dyads could be removed from the study for failure to attend 2 or more classes, although participants were not replaced, and data were analyzed on an intention-to-treat basis.
Extreme data values resulting from processing or measurement errors reflecting more than 10.0% of missing data in a specific tool were excluded from inferential tests, as supported by literature suggesting that 5.0%e10.0% of missing data is the maximum extent allowable for the proposed research [54] . This approach balances the potential loss of power due to a smaller sample size resulting from listwise deletions versus a decrease in variance and the introduction of bias associated with mean substitution of missing values.
Results
The results reported in this manuscript are limited to maternal mental and physiological health outcomes. Infant health outcomes (e.g., growth and development, safety, immunization rates) will be reported separately.
Demographics
Mothers ranged in age from 18 to 42 years (IMPEP mean: 28.4 years; PEP mean: 29.2 years; Control mean: 25.8 years), and infants were aged 1e4 months at the time of enrollment. Table 1 depicts the demographic distribution of the participants by study groups and overall sample. Some imbalances were seen between groups in ethnic distribution and the proportion of mothers with only one child, whereas other traits were generally comparable across groups. The SAMs in this study were more likely to report street drug use (e.g., marijuana, crack, cocaine) than alcohol use, although specific usage patterns were not quantified in this study.
Parenting stress
Consistent with the hypothesis that the IMPEP intervention will preferentially decrease parenting stress levels, we evaluated whether at Week 12, the IMPEP group demonstrated a greater increase in PSI score (reflecting greater reductions in parenting stress), a greater decrease in SBP and DBP readings, and a greater decrease in WHR compared to the PEP and Control groups ( Table 2) . Results of the corresponding Kruskal-Wallis ANOVA tests of comparison are summarized in Table 3 . Collectively, these results demonstrate that while there were no statistically significant differences between groups in PSI scores at baseline, only scores for the IMPEP group increased significantly over time from baseline to Week 12 (adjusted z ¼ 4.189, p < .001). Moreover, post hoc pairwise comparisons to the Control group at Week 12 showed that PSI scores at Week 12 for both the IMPEP (adjusted z ¼ 3.409, p ¼ .001) and PEP (adjusted z ¼ 2.816, p ¼ .005) groups were significantly higher than those for the control group, indicating less parenting stress for both intervention groups at postintervention follow-up.
Similar patterns were observed for physiological stress measures (Table 2) . A significant decrease in SBP was seen for the IMPEP group from baseline to Week 6 (adjusted z ¼ 1.976, p ¼ .048), whereas the Control group experienced a significant increase in SBP from both baseline to Week 6 (adjusted z ¼ 2.771, p ¼ .006) and baseline to Week 12 (adjusted z ¼ 2.690, p ¼ .007). For DBP, the only significant decrease over time was seen in the PEP group from baseline to Week 6 (adjusted z ¼ 2.190, p ¼ .029). Of note, however, changes in both mean SBP and DBP over time for the IMPEP and PEP groups were relatively small in magnitude (2e4 mmHg), and the clinical relevance of such changes is unclear. However, as reflected in the significant Kruskal-Wallis ANOVA result for SBP in the Control group over time (Table 3) , the clinical relevance of the change in SBP from baseline to Week 12 of more than 7 mmHg is more apparent, which was not observed in the IMPEP or PEP groups in this randomized study.
As depicted in Table 2 , the mean WHR values for all three study groups were uniformly high at baseline, Week 6, and Week 12, approaching the at-risk range for coronary artery disease ( 0.9), as established by the World Health Organization [42] . Nonetheless, a significant decrease in WHR occurred in the IMPEP group from baseline to Week 6 (adjusted z ¼ 3.114, p ¼ .002), although it is unclear whether this trend was maintained over time, as WHR began to increase again at Week 12 (still remaining lower in magnitude than at baseline). The association of the IMPEP, but not the PEP or Control groups, with decreases in WHR was supported by the results of the Kruskal-Wallis ANOVA, which was significant for within group differences over time only in the IMPEP group (Table 3) .
Depression
Consistent with the hypothesis that the IMPEP will preferentially decrease maternal depression levels (i.e., depressive symptoms), we evaluated whether the IMPEP group demonstrated a greater decrease in scores on BDI at Week 12 compared to the PEP and Control groups. Summary statistics of BDI scores among study groups across assessment periods are depicted in Table 2 , with the results of the Kruskal-Wallis ANOVA for between and within group differences over time shown in Table 3 . Mean BDI scores in all 3 groups across all time points were reflective of minimal to minor depression, according to previously described strata [45] . Nonetheless, changes in BDI score over time revealed several notable patterns. Both the IMPEP (adjusted z ¼ 5.872; p < .001) and PEP (adjusted z ¼ 3.025; p ¼ .002) groups had statistically significant decreases in BDI scores from baseline to Week 12, whereas scores in the Control group increased over time, albeit not significantly. In addition, while BDI scores among the three groups did not statistically differ at baseline, by Week 12 scores in the IMPEP and PEP groups were significantly lower than that in the Control group, with the IMPEP group further demonstrating a significantly lower level of depressive symptoms than the PEP group at Week 12 (adjusted z ¼ 2.588; p ¼ .010), despite similar baseline values. Thus, these findings indicate that while both the IMPEP and PEP interventions were associated with decreasing BDI scores over time, the magnitude of change was greater in the IMPEP group, which showed significant reductions not only from baseline to Week 12, but also from baseline to Week 6 (adjusted z ¼ 3.852; p < .001) and Week 6 to Week 12 (adjusted z ¼ 2.082; p ¼ .037). However, given the overall low BDI scores among all groups at all time points, the clinical significance of these changes is unclear.
Self-esteem
Consistent with the hypothesis that the IMPEP will preferentially increase maternal self-esteem levels, we evaluated whether the IMPEP group demonstrated a greater increase in scores on the RSE at Week 12 compared to the PEP and Control groups. Overall, mean RSE scores were uniformly high at baseline among all three study groups (Table 2 ) and were reflective of high self-esteem across all time points, according to previously described strata [46] . Taken into consideration with the Kruskal-Wallis ANOVA results shown in Table 3 , neither the IMPEP nor the PEP interventions was associated with increased self-esteem scores over time. However, as RSE scores in the Control group trended downward over time (albeit nonsignificantly), scores in the Control group were significantly lower at both Week 6 and Week 12 compared to those of the IMPEP and the PEP groups. Given the similarity in scores between the IMPEP and PEP groups at all time points, results from this study did not support the hypothesis that the IMPEP leads to increased self-esteem in SAMs. However, we cannot rule out that the IMPEP and PEP interventions contributed to maintenance of self-esteem over time, which was not apparent in the Control group. Given the overall high self-esteem scores among all three groups at all time points, the clinical significance of these results is unclear.
Maternal attachment and mother-infant interaction
To assess whether the IMPEP improved attachment of SAMs to their infants, we evaluated whether SAM-infant dyads in the IMPEP group had greater increases in scores on either the MAI or the OMII compared to the PEP and Control groups from baseline to Week 12. Summary statistics for these two instruments are shown in Table 2 (with MAI score shown as mean item response, rather than as total score), with the comparative Kruskal-Wallis ANOVA in Table 3 . MAI scores were similar in both the IMPEP and PEP groups over time, whereas scores decreased in the Control group after baseline, albeit not significantly. Post hoc Mann-Whitney U tests indicated that IMPEP mothers had significantly greater attachment scores at baseline compared to Control group mothers did (adjusted z ¼ 2.332; p ¼ .020). In addition, pairwise comparisons demonstrated that PEP mothers also had significantly higher attachment scores than Control group mothers did at Week 6 (adjusted z ¼ 2.279; p ¼ .023) and Week 12 (adjusted z ¼ 2.589; p ¼ .010). However, given the higher baseline MAI scores in the PEP and IMPEP groups versus the Control group at baseline, postbaseline differences cannot be clearly attributed to either the PEP or IMPEP interventions. Similarly, as OMII scores increased significantly over time within each of the three treatment groups from baseline to Week 12, these changes cannot be attributed to a specific intervention. Moreover, although OMII scores were higher in the IMPEP and PEP groups compared to the control group at Week 12, this same pattern was also seen at baseline. Thus, the higher postbaseline mother-infant interaction scores could not be attributed to the IMPEP or PEP interventions.
Discussion
Although the duration of this study was limited, with the final follow-up visit occurring 7 weeks after completion of the IMPEP/ PEP classes, the findings of this study suggest a blended IMPEP holds promise for value-added improvements in parenting stress and depressive symptoms, compared with a structured parenting program alone. Given the pervasiveness of the negative psychosocial effects of substance addiction on recovering SAMs, the IMPEP represents a potential low-input, high-impact intervention to improve maternal health outcomes and facilitate effective parenting.
The birth of an in utero drug-exposed infant is both a crisis and an opportunity for a recovering SAM. As a crisis, the mother may feel an overwhelming sense of guilt about her baby's condition, but as an opportunity, the mother may perceive the baby's birth as a powerful motivation to assume a parenting role through active recovery. Studies have demonstrated high levels of stress in SAMs [5] , which is a significant impediment to effective parenting. In this study parenting stress was defined in a more holistic perspective than the commonly held psychosocial view, which is measured only with a behavioral tool. In turn, findings related to both psychological and physiological measures of parenting stress either improved or did not worsen in the IMPEP group at Week 12 follow up, compared to the PEP and Control groups. Specifically, only the IMPEP group demonstrated significant improvements in PSI score and WHR over time, whereas systolic blood pressure increased in the Control group, but not in the IMPEP group, from baseline to Week 12. WHR data across all three study groups indicated baseline values were in the midpoint of the high range (0.85e0.90), reflecting risk of coronary artery disease [55] . Thus, even the relatively small yet statistically significant decreases in WHR, which were seen in only the IMPEP group, are of potential clinical significance. Moreover, although mean changes in both SBP and DBP for the IMPEP and PEP groups over time were relatively small (2e4 mmHg), the significant Kruskal-Wallis ANOVA for SBP in the Control group and increase in SBP from baseline to Week 12 of more than 7 mmHg, which was not observed in the IMPEP or PEP groups, suggests a beneficial effect of the IMPEP (and PEP) intervention on this physiological manifestation of stress.
The IMPEP was also effective in reducing depressive symptoms, as measured by scores on the BDI, compared to the Control group through Week 12. Although BDI scores decreased over time in both the IMPEP and PEP groups, the magnitude of change in the IMPEP group was slightly greater than in the PEP group, suggesting a possible value-added effect of infant massage in reducing depressive symptoms among SAMs. Given the clinical significance of maternal depression in impacting effective parenting, it is important to detect women at risk for developing depressive symptoms in community-based addiction treatment settings [56, 57] . The present study, however, detected only minimal depressive symptoms among recovering SAMs, despite socioeconomic risk factors (e.g., household income at or below poverty level in over 90% of mothers). Thus, our findings do not corroborate those of previous studies demonstrating SAMs' propensity for depression, particularly when compounded by poor socioeconomic status [58] . It is possible that the availability of social and rehabilitative services for recovering SAMs through both public and private agencies facilitated problem-solving and coping strategies in these mothers to counter depressive influences [23] .
With regard to self-esteem, recovering SAMs in this study demonstrated high scores on the RSE [16] at all time points. The high self-esteem scores across all study groups at baseline may have made it difficult to demonstrate significant improvements in self-esteem over time within this sample. Several studies have reported the association of self-esteem with a myriad of demographic and psychosocial risk factors (57) . Although infant massage did not appear to confer a value-added effect on self-esteem in this study, it cannot be ruled-out that a structured parenting enhancement program (either the PEP or IMPEP) may have contributed to the maintenance of self-esteem in the face of challenges associated with parenting. Regardless, given the importance of self-esteem to healthy living and parental adjustment, continued support for recovering SAMs in the acquisition of effective parenting skills remains pivotal to their recovery process.
Effective parenting by SAMs requires the development of adaptive parent-infant interaction and adequate social supports, although the need for secrecy may alienate SAMs from mainstream culture. In turn, disruptions in early mother-infant interaction predispose children to depression and relationship problems in adulthood [11] . The findings of this study do not support earlier studies, which reported that massage therapy on infants resulted in enhanced mother-infant bonding and communication [28, 35] . Scores on the MAI were largely stable in both the IMPEP and PEP groups throughout the study, whereas scores in the Control group trended downward, albeit not significantly. Thus, improvements over time in maternal attachment were not seen, while the observed increases in mother-infant interaction could not be attributed to the structured parenting skills program or the infant massage component.
It is possible that living in residential rehabilitation centers may have nurtured maternal attachment and spontaneously promoted mother-infant interaction, as residents are encouraged to develop informal support systems and attend agency-based parenting classes, underscoring the importance of integrative social and rehabilitative services. In addition, the duration of intervention in this study may have been too limited to effect significant change in SAM-infant interaction, as the study only analyzed data up to Week 12, given the high attrition of mother-infant dyads by Week 24 and Week 48. Participating infants were aged 4e7 months by the time of this final analysis, which is younger than the age range for OMII assessments using the structured reunion scenario, as previously reported in the literature [48] . Thus, our findings on maternal attachment and mother-infant interaction should be interpreted with caution.
Conclusion
The results of this study demonstrated the value-added effects of infant massage blended into a systematic parenting skills program on reducing parenting stress and maternal depressive symptoms; although a similar impact on self-esteem, maternal attachment, and mother-infant interaction was not demonstrated. Despite the infant massage component of the IMPEP not demonstrating consistent value-added effects across all the psychosocial dimensions examined in this study, the potential impact of the IMPEP is high with respect to parent-child health promotion, as studies implementing this intervention hold great promise for expanding the knowledge base of health enhancement among atrisk populations. The present findings related to depression and the psychosocial dimension of parenting stress corroborate previous studies with respect to the positive health impact of touch, reinforcing the use of the IMPEP as both a health promotion intervention and therapeutic tool by nurse educators, maternalchild health practitioners, and substance abuse service providers.
With respect to further longitudinal study of SAMs to assess the long-term impact of the IMPEP, it may be unrealistic to expect consistent follow-up beyond 3 months, given the attrition rates observed in this study past Week 12. However, the IMPEP may be tested further in other vulnerable populations to validate its effects within different cultural contexts. A cross-sectional study is a feasible design to determine whether differences in outcomes among the IMPEP, PEP, and Control groups persist across different age groups of mothers and children. A mixed research design merits consideration for future studies to gain greater insights into the myriad problems confronting recovering SAMs. The primary limitation of this study was participant attrition which decreased the final sample size and limited the study's power. An imbalance in dropout rates resulted in the IMPEP group being notably larger than both the PEP and Control groups, potentially limiting the ability of the randomized, controlled design to fully account for systematic biases or confounding variables.
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